Introduction
For a long time PVD ehysical-yapour-&position) technology has been applied in various modern technical fields, owing to the wide range of possible coating materials whose potential is vi~tually unlimited. Besides electronic, optical and decorative applications for PVD films, hard films, in particular, have been widely applied for tool coatings which play important roles for the resistance against wear and corrosion /1,2/. The MSIP (Magnetron-Sputter-Ion-Plating) coating process is one of the PVDprocesses, providing 1) relatively high deposition rates, 2) large deposition areas, and 3) low substrate heating 131. The magnetron behind the target influences the distribution of the electrons moving in the plasma and the space between the cathode and anode, thus the distribution of the ions impinging on the surface of the target. Since the electrons are distributed unevenly in front of the target, the working gas atoms are therefore unevenly ionized in the plasma and the ions also unevenly bombard the target surface and the erosion of the target surface is uneven. Therefore the investigations of the magnetic field in the M S P are very important for the optimization of the deposition process and the usage of the target. Generally, the accurate calculations or measurements of the direction and strength of the magnetic field (magnetic induction or magnetic flux density B) is difficult in comparison to measurements of the electrical field, because B is a vector with varying direction and magnitude.
In this paper, it is shown that a magnetical field of a cylindrical magnetron in MSP-equipment can be quickly simulated through a simple model and the distribution of the field is discussed.
Arrangement of a typical magnetron
By reviewing the limitation of the conventional planar diodes sputtering, one can clearly see the advantage of the MSIP. Fig. 1 shows the principles of both processes. In the diode sputtering the sputter rate of the target is very low and therefore the deposition rate of the coatings is also low because in this process the ionization rate of the working gas (generally Ar) is low 111. In order to increase the ionization of the working gas a magnetron is installed behind the target and a drift field x B is formed in the front of the target surface if an electric field between the cathode and anode is present.
The electron motion in the drift field 2 x B can be understood as follows: When an electron is in an uniform magnetic field, its motion perpendicular to the field lines can be pictured as an orbit around a field line. Its motion along the field is unimpeded, so that if it has a component of velocity along the field line, its net motion is a spiral along the field line. Thus such electrons can be considered to be trapped on magnetic field lines. An electron trapped on a given field line can advance to an adjacent field line by suffering a collision. An electron will undergo a drift motion across the magnetic field. The direction of the electron motion in the drift field E x B i.e. the direction of the drift field E x B, is not the same as that of the electric field, but in a direction perpendicular to both the electric and magnetic fields. Thus a drift current in the drift field E x B is formed. The electrons which are in the drift current collide with the working gas atoms/molecules and then the possibility of ionizations of the working gas atoms/molecules is increased. A typical magnetron used in the MSIP-process is represented in Fig. l(a) 
In the linear and isotopic medium there are linear relationships between the field strength H and E with the magnetic induction B and displacement D:
Investigating the electromagnetic field with the magnetron showed in Fig. ](a) , the following assumptions are made:
-The electromagnetic field system has a cylindrical symmetry and thus a cylindrical coordinate is arranged, shown in Fig. l(b) .
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-Only the deposition processes with DC-mode are considered, i.e. -= 0 and -= 0 in the at at
Maxwell equations.
-The current in the deposition process flows along the axis of the process space to the cathode and its density at any position depends only on the distance from the axis r i.e. 3 = jAr+ (r) gZ in the Maxwell equations,
-The influences of boundary effects of other elements in the process space are neglected and it is assumed that the medium in the space is vacuum, i.e. the formulas (5) and (6) On the basis of these assumptions the magnetic field in the process space with the cylindrical system can be represented by Bessel hnctions through the solutions of the Maxwell equations with separation of the variables:
where H, and H, are the maximum of the components of the magnetic field at the target surface (Z = 0), Jo, J1 are the Bessel fbnctions, and the decline factors h, and h, are determined from the dimen-sions of the magnetron (Fig. l(b) ) and the properties of the Bessel hnctions.
In real processes it has been observed that at the target surface the maximum of the r-component and the minimum of the z-component of the magnetic field appear at the same positions r = ro. From The ex erimental measurements of the magnetic field was canied out in air and under static state, e.g. j , + (rf= 0 . Thus the magnetic field at any position in the process space can be written as follows: Fig. 2 shows the distributions of magnetic induction at the target surface (z = 0) from measurements through a Hall instrument and the simulations using the equ. (10) and (ll), whose maxima H, and H, are obtained by measurements. These distributions can be seen as boundary values of the magnetic field in the MSIP process space. From Fig. 2 one can see that this boundary values of the magnetic field can be well described by equ. (10) and (1 1) if the maxima of the components of the field are known. Only at the edge positions of the target the relative large differences appear due to the edge effects in the measurements and the neglection of these effects in the model. In order to research the declines of the magnetic field in the process space of various magnetron types one assumes that the magnetrons have the same maximum of the boundary values at the target surface and calculates the magnetic field at the positions at r = 0 (for B-z) and r = rg (for B-r) along the zdirection. In Fig. 4 the results show that the decline in magnetron I is larger than that in magnetron 11. This is caused by the relative large part of magnetic flux led by the magnetic circuit in the magnetron I which consists of cylindrical and circular magnets.
Results from calculations and measurements
The distributions of the magnetic field in the process space are calculated by the equ. (10) and (1 1) and represented in Fig. 5 where B-r, B-z and B-rz represent correspondingly the components of the magnetic field in r and z directions and the absolute value of the field. From Fig. 5 one can find that the distribution of B-r is similar to the contour of the erosion zone of the target. It means that B-r has direct influence on the sputtering process at the target. 
Conclusions
Starting from the Maxwell equations one can create a simple analytic model for convenient investigation of the magnetic field in the MSIP process space which has a simple symmetry. The results show good agreement between the calculations and measurements. The analytic model will be implemented into the investigation of the motions of the charged particles in MSIP processes. 
